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Abstract: PURPOSE: To characterize the expression pattern of cadherin 23 (cdh23) in the zebrafish
visual system, and to determine whether zebrafish cdh23 mutants have retinal defects similar to those
present in the human disease Usher syndrome 1D. METHODS: In situ hybridization and immunohisto-
chemistry were used to characterize cdh23 expression in the zebrafish, and to evaluate cdh23 mutants
for retinal degeneration. Visual function was assessed by measurement of the optokinetic response in
cdh23 siblings and mutants. RESULTS: We detected cdh23 mRNA expression in multiple nuclei of
both the developing and adult central nervous system. In the retina, cdh23 mRNA was expressed in a
small subset of amacrine cells, beginning at 70 h postfertilization and continuing through adulthood. No
expression was detected in photoreceptors. The cdh23-positive population of amacrine cells was GABAer-
gic. Examination of homozygous larvae expressing two different mutant alleles of cdh23-cdh23(tc317e)
or cdh23(tj264a)-revealed no detectable morphological retinal defects or degeneration. In addition, the
optokinetic response to moving gratings of varied contrast or spatial frequency was normal in both mu-
tants. CONCLUSIONS: Unlike in other vertebrates, cdh23 is not detectable in zebrafish photoreceptors.
Instead, cdh23 is expressed by a small subset of GABAergic amacrine cells. Moreover, larvae with muta-
tions in cdh23 do not exhibit any signs of gross retinal degeneration or dysfunction. The role played by
cdh23 in human retinal function is likely performed by either a different gene or an unidentified cdh23
splice variant in the retina that is not affected by the above mutations.
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 WKH ULJKW H\H ZDV OHIW
XQLQMHFWHG WR FRQWURO IRU QRQVSHFLILF LPPXQRVWDLQLQJ
)ROORZLQJLQMHFWLRQODUYDHZHUHWUDQVIHUUHGWRIUHVKHPEU\R
PHGLXPDQGDOORZHGWRUHFRYHUDW&IRUKDQGZHUHWKHQ
IL[HGLQSDUDIRUPDOGHK\GHRYHUQLJKWDW&)ROORZLQJ
WKLV WKH\ ZHUH SURFHVVHG IRU LQ VLWX K\EULGL]DWLRQ DQG
VXEVHTXHQWDQWLVHURWRQLQLPPXQRKLVWRFKHPLVWU\
'HWHFWLRQRI VSOLFHYDULDQWV7RWDO51$ZDV LVRODWHG IURP
ZLOGW\SH ]HEUDILVK H\HV RU HQXFOHDWHG ODUYDH UHPDLQLQJ
WLVVXHIROORZLQJWKHUHPRYDORIH\HVE\KRPRJHQL]DWLRQRI
WKHODUYDHLQ75,=2/UHDJHQW,QYLWURJHQ/LIH7HFKQRORJLHV
0ROHFXODU9LVLRQKWWSZZZPROYLVRUJPROYLVYD! 0ROHFXODU9LVLRQ

*UDQG ,VODQG 1< XVLQJ D  JDXJH QHHGOH IROORZHG E\
51HDV\ SXULILFDWLRQ 4LDJHQ 9DOHQFLD &$ 5HYHUVH
WUDQVFULSWLRQ ZDV SHUIRUPHG ZLWK WKH 6XSHUVFULSW ,,, )LUVW
6WUDQG F'1$ V\QWKHVLV NLW ,QYLWURJHQ XVLQJ ROLJRG7
SULPHUV3&5SURGXFWVZHUHVXEFORQHGLQWRWKHS&5,,7232
YHFWRU,QYLWURJHQDQGVHTXHQFHG7KHVSOLFHYDULDQWVZHUH
FRQILUPHGDWOHDVWRQFHZLWKDQRWKHULQGHSHQGHQW3&53ULPHU
VHWV ZHUH DV IROORZV ZULWWHQ ƍ WR ƍ 1HVWHG SULPHUV WR
DPSOLI\ WKH UHJLRQ IURP H[WUDFHOOXODU FDGKHULQ UHSHDW RU
HFWRGRPDLQ(&WRWKHƍ875ZHUHDVIROORZV([WHUQDO
SULPHUVƍ7*7**$&&*&7$&&7*&77$$$*7ƍ
ƍ7*$**&$77&$*$*7&&$&$&$&$ƍLQWHUQDO
SULPHUVƍ7&$*7*$*$$7*7***7**7**$$ƍ
ƍ*7*7&*&7*&&777*777&7*7*7ƍ3ULPHUVWR
DPSOLI\ WKHF\WRSODVPLFGRPDLQƍ&7*$$**&$*7$
*77*&$**&7ƍ ƍ7&$7$$&7&7*7*$7&7&
7$$&**$&
2SWRNLQHWLFUHVSRQVH$VDWHVWIRUYLVXDOIXQFWLRQWKH2.5
RIGSIKRPR]\JRXVODUYDHRIERWKDOOHOHVDVZHOODVWKHLU
ZLOGW\SH VLEOLQJV ZDV PHDVXUHG DV SUHYLRXVO\ GHVFULEHG
>@ ,Q EULHI ODUYDH ZHUH HPEHGGHG LQ  SUHZDUPHG
PHWK\OFHOOXORVHDOLJQHGWROD\GRUVDOVLGHXSDQGSODFHGLQ
WKHFHQWHURIDZKLWHSDSHUGUXPG FP9HUWLFDOEODFN
DQGZKLWHVLQHZDYHJUDWLQJVRIYDU\LQJVSDWLDOIUHTXHQF\DQG
FRQWUDVWZHUHSURMHFWHGRQWRWKHLQVLGHRIWKHGUXP>@7KH
JUDWLQJSDWWHUQZDVURWDWHGDURXQGWKHODUYDZLWKDQDQJXODU
YHORFLW\RIV7RPLQLPL]HWKHIUHTXHQF\RIVDFFDGHVWKH
GLUHFWLRQRIPRWLRQZDVDOWHUHGZLWKDIUHTXHQF\RI+]
(\HPRYHPHQWVZHUHUHFRUGHGDWIUDPHVSHUVHFRQGE\
D&&'FDPHUDDWWDFKHGWRDGLVVHFWLQJPLFURVFRSH&XVWRP
PDGHVRIWZDUHEDVHGRQ1,/DE9LHZDQG1,,0$4
1DWLRQDO ,QVWUXPHQWV$XVWLQ7;ZDVXVHG WRH[WUDFW WKH
RULHQWDWLRQ RI HDFK H\H LQ UHDO WLPH 7KLV VRIWZDUH LV QRZ
OLFHQVHG WR 76( +RPEXUJ *HUPDQ\ XQGHU WKH QDPH
9LVLR7UDFNHU (\H YHORFLW\ ZDV FDOFXODWHG DV WKH ILUVW
GHULYDWLYHRI WKHRULHQWDWLRQZLWK UHVSHFW WR WLPH6DFFDGHV
ZHUHILOWHUHGRXWIURPUDZPHDVXUHPHQWVRIH\HYHORFLWLHVE\
DSSO\LQJDIL[HGWKUHVKROGRIV7KHUHVXOWLQJFXUYHVRI
VORZSKDVHYHORFLWLHVZHUHVPRRWKHGE\D UXQQLQJDYHUDJH
ZLWK D VOLGLQJ ZLQGRZ RI VHYHQ IUDPHV >@ )LQDOO\ H\H
YHORFLWLHVZHUHDYHUDJHGRYHUIUDPHVZLWKLGHQWLFDOVWLPXOXV
SURSHUWLHVDVZHOODVIRUWKHWZRH\HVRIHDFKODUYD*UDSKV
ZHUHJHQHUDWHGXVLQJ5
=HEUDILVKZHUHFDUHGIRUDFFRUGLQJWRWKHJXLGHOLQHVVHW
IRUWKE\WKH,QVWLWXWHIRU/DERUDWRU\$QLPDO5HVHDUFK
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3UHYLRXVVWXGLHVKDYHVKRZQDFULWLFDOIXQFWLRQRIFGKLQ
]HEUDILVKKDLUFHOOVE\FKDUDFWHUL]LQJFGKP51$P51$
H[SUHVVLRQDQGIXQFWLRQLQZLOGW\SHDQGFGKPXWDQWILVK
>@,QWKHSUHVHQWVWXG\ZHIRFXVHGRQFKDUDFWHUL]LQJ
FGKDOWHUQDWLYHVSOLFLQJH[SUHVVLRQLQWKHEUDLQDQGUHWLQD
DQGWKHHIIHFWRIFGKPXWDWLRQVRQWKHYLVXDOV\VWHP)LJXUH
$VXPPDUL]HVWKHWRROVXVHGLQWKLVVWXG\7KHSRVLWLRQVRI
WKH PXWDWLRQV LQ WKH WZR FGK DOOHOHV DUH VKRZQ 7KH
FGKWFH DOOHOH FRQWDLQV D W!J SRLQW PXWDWLRQ WKUHH
QXFOHRWLGHV EHIRUH WKH VSOLFH DFFHSWRU VLWH DW WKH H[RQ 
MXQFWLRQ7KLVFUHDWHVDQRYHOVSOLFHDFFHSWRUVLWHUHVXOWLQJLQ
DQDJLQVHUWLRQEHWZHHQH[RQDQGOHDGLQJWRDIUDPHVKLIW
UHVXOWLQJLQDVWRSFRGRQDWDPLQRDFLGZLWKLQWKHWK
H[WUDFHOOXODUUHSHDWRUHFWRGRPDLQ(&7KLVVLWHLVSUHVHQW
LQ DOO WKUHH VSOLFH IRUPV 7KH FGKWMD DOOHOH LV D SRLQW
PXWDWLRQUHVXOWLQJLQDVLQJOHDPLQRDFLGVXEVWLWXWLRQ'9
ZLWKLQ(&%RWKPXWDWLRQVH[KLELWVHYHUHGHIHFWVLQKHDULQJ
DQGEDODQFHKRPR]\JRXVPXWDQWODUYDHVKRZWKHFRPSOHWH
DEVHQFH RI D VWDUWOH UHVSRQVH DV ZHOO DV VWURQJ FLUFOLQJ
EHKDYLRUZKLFKLVW\SLFDORIPXWDQWVZLWKYHVWLEXODUGHIHFWV
7KHOHQJWKDQGSRVLWLRQRIWKHWZRLQVLWXK\EULGL]DWLRQSUREHV
DQGWKHSRVLWLRQVRIWKHSULPHUVXVHGWRDPSOLI\FGKDQGLWV
VSOLFHYDULDQWVLQWKHH\HDUHDOVRLQGLFDWHGLQ)LJXUH$
([SUHVVLRQ RI FGK WUDQVFULSWV LQ ]HEUDILVK H\H 7R
LQLWLDWH RXU VWXG\ RI WKH UROH RI FGK LQ ]HEUDILVK YLVXDO
IXQFWLRQZHFKDUDFWHUL]HG LWV H[SUHVVLRQ LQ WKHGHYHORSLQJ
]HEUDILVKH\HE\UHYHUVHWUDQVFULSWDVH57±3&5)LJXUH
7R GHVFULEH WKH VSOLFH LVRIRUPV SUHVHQW VSHFLILFDOO\ LQ
]HEUDILVK H\HV ZH SHUIRUPHG 57±3&5 RQ GLVVHFWHG H\HV
LVRODWHG IURP ]HEUDILVK DW YDULRXV VWDJHV RI GHYHORSPHQW
8VLQJQHVWHGSULPHUVGLUHFWHGDJDLQVW(&DQGWKHƍ875
)LJXUH$ZHIRXQGWKDWLQFRQWUDVWWRWKHFDVHLQPLFH
]HEUDILVK H\HV H[SUHVV WKH IXOOOHQJWK LVRIRUP DW DOO
GHYHORSPHQWDO VWDJHV H[DPLQHG ODUYDO  GSI MXYHQLOH 
ZHHNV SRVWIHUWLOL]DWLRQ >ZSI@ DGXOW  PRQWKV
SRVWIHUWLOL]DWLRQ >PSI@ DQG HQGRIOLIH  \HDUV
SRVWIHUWLOL]DWLRQ >\SI@ )LJXUH % $OWHUQDWLYH VSOLFLQJ RI
FGK KDV EHHQ VWXGLHG H[WHQVLYHO\ LQ WKHPRXVH DQG WKH
SUHVHQFHRIVKRUWHUFGKVSOLFHYDULDQWVKDVEHHQLPSOLFDWHG
DVRQHH[SODQDWLRQIRUWKHODFNRIYLVXDOSKHQRW\SHLQPRXVH
FGKPXWDQWV>@8VLQJSULPHUVVLPLODUWRWKRVHXVHGLQRXU
VWXG\ 6|OOQHU HW DO >@ DPSOLILHG WZR DGGLWLRQDO VSOLFH
YDULDQWV IURP ZKROH ODUYDH D VKRUW WUDQVPHPEUDQH 70
LVRIRUPWKDWLVPLVVLQJ(&±DQGLVDOVRPLVVLQJH[RQ
DQGDVROXEOH LVRIRUPWKDWVNLSVIURP(&WRDVKRUW
VHTXHQFHLQH[RQWKHILQDOH[RQ:HWKHUHIRUHLQYHVWLJDWHG
WKH SRVVLELOLW\ WKDW H\HVSHFLILF YDULDQWV DUH SUHVHQW LQ WKH
]HEUDILVK:HZHUHDEOHWRDPSOLI\WKHVKRUW70LVRIRUPIURP
GSIDQGPSIH\HVDQGWKHVROXEOHLVRIRUPIURPZSIH\HV
)LJXUH&:HZHUHXQDEOHWRDPSOLI\HLWKHUVKRUWHUYDULDQW
IURP\SIH\HV8VLQJSULPHUVVSHFLILFWRWKHUHJLRQHQFRGLQJ
WKH F\WRSODVPLF GRPDLQ )LJXUH $ ERWK H[RQ DQG 
H[RQYDULDQWVRIFGKZHUHDPSOLILHGIURP]HEUDILVKH\HV
DQGHQXFOHDWHGODUYDHDWGSIQRWVKRZQDQGZSI)LJXUH
'2QO\WKHH[RQIRUPZDVDPSOLILHGZLWKWKH(&±ƍ
875 SULPHU SDLUV GHVFULEHG DERYH :H GR QRW NQRZ WKH
ELRORJLFUHOHYDQFHRIWKHVHWZRVKRUWHUYDULDQWVDOWKRXJKERWK
ZRXOGEHDIIHFWHGE\WKHFGKWFHPXWDWLRQ+RZHYHULWLV
SRVVLEOHWKDWWKHUHDUHDGGLWLRQDOVSOLFHYDULDQWVSUHVHQWWKDW
ZHGLGQRWGHWHFW
0ROHFXODU9LVLRQKWWSZZZPROYLVRUJPROYLVYD! 0ROHFXODU9LVLRQ

([SUHVVLRQSDWWHUQRIFGKLQWKHGHYHORSLQJ]HEUDILVK
EUDLQ DQG UHWLQD :H QH[W FKDUDFWHUL]HG WKH H[SUHVVLRQ
SDWWHUQRIFGKLQGHYHORSLQJODUYDHE\LQVLWXK\EULGL]DWLRQ
)LJXUH  7KH ILUVW GHWHFWDEOH VWDLQLQJ ZDV REVHUYHG
DSSUR[LPDWHO\±KSRVWIHUWLOL]DWLRQKSI LQ WZRSDLUHG
QXFOHL GHHS LQ WKH GLHQFHSKDORQ )LJXUH $% DQG
FRQFXUUHQWO\LQWKHILUVWGHYHORSLQJLQQHUHDUKDLUFHOOVGDWD
QRWVKRZQ%\±KSIDGGLWLRQDOQXFOHLDSSHDUHGQHDUWKH
ROIDFWRU\EXOEDQGLQWKHKLQGEUDLQ)LJXUH&(,QFRQWUDVW
WRWKHH[SUHVVLRQSDWWHUQREVHUYHGIRUSFGKE>@ZHGLG
QRW GHWHFW WKH FGK WUDQVFULSW LQ UHWLQDO SKRWRUHFHSWRUV
,QVWHDGDYHU\VPDOOVXEVHWRIDPDFULQHFHOOVZDVSRVLWLYHIRU
FGKP51$VWDUWLQJDWKSI)LJXUH)$SSUR[LPDWHO\
DPDFULQHFHOOVUHWLQDZHUHODEHOHGDVFRXQWHGLQWUDQVYHUVH
PVHULDOFU\RVHFWLRQVWKURXJKWKHHQWLUHUHWLQDDYHUDJH
RIVL[UHWLQDVGDWDQRWVKRZQ/DEHOLQJZLWKHLWKHUƍRUƍ
DQWLVHQVHSUREHVSURGXFHGLGHQWLFDOUHVXOWVVWDLQLQJSDWWHUQV
ZHUHLQGLVWLQJXLVKDEOHLQFGKWFHVLEOLQJVPL[HGZLOGW\SH
DQG KHWHUR]\JRXV JHQRW\SHV DQG KRPR]\JRXV PXWDQWV
VKRZQIRUWKHUHWLQDLQ$SSHQGL[7KHLPDJHVLQDOORWKHU
ILJXUHV VKRZ UHVXOWV XVLQJ WKH ƍ DQWLVHQVH SUREH ZKLFK
H[KLELWHG PRUH UREXVW ODEHOLQJ 1R VWDLQLQJ ZDV REVHUYHG
XVLQJDVHQVHFRQWUROSUREH)LJXUH'
:H JHQHUDWHG VHULDO FU\RVHFWLRQV IROORZLQJ LQ VLWX
K\EULGL]DWLRQRIZKROHODUYDHWRH[DPLQHWKHEUDLQVWUXFWXUHV
H[SUHVVLQJFGKLQPRUHGHWDLO)LJXUH*/([SUHVVLRQRI
FGKLQWKHEUDLQZDVORFDOL]HGWRWKHVXESDOOLXPHPLQHQWLD
WKDODPLYHQWUDOWKDODPXVVSDUVHFHOOVLQGRUVDOWKDODPXVDQG
VFDWWHUHG FHOOV WKURXJKRXW KLQGEUDLQ 2I WKH EUDLQ QXFOHL
ODEHOHG QRQH ZHUH REYLRXV YLVXDO FHQWHUV DOWKRXJK WKH
VXESDOOLXP DQG WKDODPLF QXFOHL KDYH PXOWLSOH LQSXWV DQG
RXWSXWV DQG FRXOG WKHUHIRUH SDUWLFLSDWH LQ YLVXDO VLJQDO
SURFHVVLQJ >@ 7KH FGKODEHOHG KLQGEUDLQ QHXURQV
ZHUHQRWFRQFHQWUDWHGLQDVLQJOHQXFOHXVEXWLQVWHDGZHUH
)LJXUH3UHVHQFHRIIXOOOHQJWKDQGVSOLFHYDULDQWVRIFGKP51$LQ]HEUDILVKODUYDODQGDGXOWUHWLQD$6FKHPDWLFLOOXVWUDWLQJWKHORFDWLRQV
RIWKHPXWDWLRQVLQWKHWZRFGKPXWDQWILVKOLQHVUHYHUVHWUDQVFULSWDVH57±3&5SULPHUVDQGWKHƍDQGƍLQVLWXK\EULGL]DWLRQSUREHV
XVHGLQWKLVVWXG\)RUWKH57±3&5SULPHUVWKHUHGDQGRUDQJHDUURZVLQGLFDWHWKHORFDWLRQRIWKHQHVWHGSULPHUVHWXVHGWRDPSOLI\FGK
LQSDQHOV%DQG&ZKLOHWKHF\DQDUURZVLQGLFDWHWKHSULPHUVHWXVHGLQ'%'HYHORSPHQWDOWLPHFRXUVHVKRZLQJWKHIXOOOHQJWKFGK57±
3&5SURGXFWLVRODWHGIURPH\HVRIYDULRXVDJHVQ &6PDOOHU57±3&5SURGXFWVZHUHDOVRSUHVHQW$VKRUWHUYDULDQWFRQWDLQLQJWKH
WUDQVPHPEUDQH70VHJPHQWZDVDPSOLILHGIURPGD\VSRVWIHUWLOL]DWLRQGSIDQGPRQWKVSRVWIHUWLOL]DWLRQPSIUHWLQDOWUDQVFULSWVQ 
$VKRUWVROXEOHYDULDQWZDVDPSOLILHGIURPZHHNVSRVWIHUWLOL]DWLRQZSIH\HVQ 1HLWKHUVKRUWHUYDULDQWZDVLVRODWHGIURP\HDUV
SRVWIHUWLOL]DWLRQ\SIH\HVQ '8VLQJSULPHUVGLUHFWHGDJDLQVWVHTXHQFHHQFRGLQJWKHHQWLUH&WHUPLQXVERWKWKHIXOOOHQJWKYHUVLRQ
FRQWDLQLQJH[RQDQGWKHYHUVLRQSUHVHQWLQWKHVKRUWHUYDULDQWFRQWDLQLQJWKH70VHJPHQWZHUHLVRODWHGIURPH\HRUHQXFOHDWHGKHDG
Q (6FKHPDWLFVGHSLFWLQJWKHVHTXHQFHDQGH[SHFWHGVL]HRIWKHIXOOOHQJWKDQGWZRVKRUWIRUPVRIFGKLVRODWHGLQ%DQG&
0ROHFXODU9LVLRQKWWS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)LJXUH&GK WUDQVFULSWV DUH H[SUHVVHG LQ WKH]HEUDILVKEUDLQDQG UHWLQD ,Q VLWXK\EULGL]DWLRQ VKRZLQJFDGKHULQP51$P51$
H[SUHVVLRQLQWKHGHYHORSLQJDQGPDWXUH]HEUDILVKQHUYRXVV\VWHP$'RUVDOYLHZRID]HEUDILVKEUDLQDWKSRVWIHUWLOL]DWLRQKSIWKHEOXH
SXUSOHVLJQDOVKRZVWKHILUVWGHWHFWDEOHH[SUHVVLRQRIFGKP51$LQWZRSDLUHGQXFOHLLQWKHGLHQFHSKDORQDGMDFHQWWRWKHH\H%9HQWUDO
YLHZRILQWHQVHO\VWDLQHGGHHSQXFOHLLQWKHYHQWUDOGLHQFHSKDORQYGDWKSI&/DWHUDOYLHZRIKSIODUYD7KHWZRPRVWSURPLQHQW
QXFOHLODEHOHGDUHORFDWHGLQWKHROIDFWRU\RUJDQRRDQGWKHYHQWUDOGLHQFHSKDORQ$GGLWLRQDOEUDLQODEHOLQJLVDOVRREVHUYHGDVLVODEHOLQJ
RIKDLUFHOOVLQWKHRWLFYHVLFOHRY'6HQVHFRQWUROVKRZVDEVHQFHRIQRQVSHFLILFODEHOLQJ(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K\EULGL]DWLRQLQZHHNVSRVWIHUWLOL]DWLRQZSI]HEUDILVKVKRZVYHQWUDODQGGRUVDOWKDODPLFODEHOLQJVLPLODUWRWKDWVHHQLQODUYDOVWDJHVEXW
LVH[SDQGHGWRHYHQPRUHYHQWUDODUHDVDQGWRFHOOVO\LQJMXVWYHQWUDOWRWKHRSWLFWHFWXP7H2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VFDWWHUHGWKURXJKRXWWKHKLQGEUDLQ6SHFLILFEUDLQQXFOHLZHUH
LGHQWLILHGE\FRQVXOWLQJD]HEUDILVKEUDLQDWODV >@DQGE\
SHUIRUPLQJ RQVHFWLRQ LPPXQRF\WRFKHPLVWU\ IROORZLQJ LQ
VLWX K\EULGL]DWLRQ IRU WKH IROORZLQJ DQWLJHQV ZKRVH
ORFDOL]DWLRQKDVSUHYLRXVO\EHHQGHVFULEHGDFHW\ODWHGWXEXOLQ
7+)05) DQG FDOUHWLQLQ GDWD QRW VKRZQ7RGHWHUPLQH
ZKHWKHURUQRWWKLVH[SUHVVLRQSDWWHUQZDVPDLQWDLQHGLQROGHU
ILVK ZH SHUIRUPHG LQ VLWX K\EULGL]DWLRQ RQ WUDQVYHUVH
YLEUDWRPHVHFWLRQVIURPZSIEUDLQVDQGUHWLQDVDVZHOODV
PSIUHWLQDV,QWKHZSIEUDLQWKHFGKSRVLWLYHQXFOHL
HYLGHQWLQWKHODUYDOVWDJHVZHUHVWLOOODEHOHG)LJXUH0DQG
GDWDQRWVKRZQDGGLWLRQDOFHOOSRSXODWLRQVZHUHDOVRODEHOHG
LQ WKH RSWLF WHFWXP DQG VXEWKDODPLF DUHD$V LQ WKH ODUYDO
UHWLQD D VSDUVH VXESRSXODWLRQ RI DPDFULQH FHOOV EXW QRW
SKRWRUHFHSWRUVZHUHFGKSRVLWLYHLQERWKZSIDQGPSI
UHWLQDV)LJXUH12
,GHQWLILFDWLRQ RI WKH VXEW\SH RI FGKH[SUHVVLQJ
DPDFULQH FHOOV 7R IXUWKHU H[SORUH WKH LGHQWLW\ RI FGK
SRVLWLYHDPDFULQHFHOOVZHFRPELQHGLQVLWXK\EULGL]DWLRQIRU
FGK P51$ ZLWK LPPXQRKLVWRFKHPLVWU\ IRU YDULRXV
DPDFULQHFHOOPDUNHUV:KHQGHWHUPLQLQJFRORFDOL]DWLRQRI
DQ DPDFULQH FHOO PDUNHU ZLWK FGK P51$ ODEHOLQJ WKLV
WHFKQLTXHJDYHEHWWHUVLQJOHFHOOUHVROXWLRQFRPSDUHGWRWZR
FRORU LQ VLWX K\EULGL]DWLRQ $WWHPSWV WR GHYHORS D UHOLDEOH
DQWLERG\WR]HEUDILVK&GKZHUHXQVXFFHVVIXOWKHUHIRUHD
VLPSOHGRXEOHLPPXQRVWDLQZDVQRWIHDVLEOH%\UHGXFLQJWKH
VWULQJHQF\ RI RXU ZKROH PRXQW LQ VLWX K\EULGL]DWLRQ DQG
ZDVKLQJFRQGLWLRQVZHZHUHDEOHWRSUHVHUYHLPPXQRJHQLFLW\
RIVHYHUDODQWLJHQV8VLQJWKLVDSSURDFKZHGHWHUPLQHGWKDW
WKHFGKSRVLWLYHFHOOVZHUHLQGHHGDPDFULQHFHOOVDVVKRZQ
QRW RQO\ E\ PRUSKRORJ\ DQG SRVLWLRQ EXW DOVR E\
FRORFDOL]DWLRQZLWKWKHDPDFULQHFHOO±VSHFLILFDQWLJHQ(
>@)LJXUH$0RVWDPDFULQHFHOOVDUHHLWKHU*$%$HUJLF
RUJO\FLQHUJLF>@,PPXQRVWDLQLQJIRUWKH*$%$HUJLFFHOO
PDUNHUJOXWDPDWHGHFDUER[\ODVH*$'VKRZHG
WKDW FGKSRVLWLYH DPDFULQH FHOOV ZHUH LQYDULDEO\
*$%$HUJLF )LJXUH % 0DQ\ GLIIHUHQW *$%$HUJLF
DPDFULQHFHOOVXEFODVVHVKDYHEHHQIXUWKHUGHILQHGEDVHGRQ
WKHSUHVHQFHRIDVHFRQGPROHFXODUPDUNHU:HQH[WH[DPLQHG
FRORFDOL]DWLRQ RI FGK ZLWK DQWLJHQV NQRZQ WR GHILQH
VXEW\SHVRI*$%$HUJLFDPDFULQHFHOOV
7ZR*$%$HUJLFDPDFULQHSRSXODWLRQVLQ]HEUDILVKDUH
NQRZQWREHSUHVHQWDWDGHQVLW\YHU\VLPLODUWRWKDWZKLFKZH
REVHUYHG IRU FGK DQG WKHUHIRUHZDUUDQWHG LQYHVWLJDWLRQ
)LUVW D VHURWRQLQ WUDQVSRUWHU 6(57±SRVLWLYH DPDFULQH
SRSXODWLRQKDVEHHQGHVFULEHGLQ]HEUDILVK>@:KLOHLWKDV
QRWEHHQH[WHQVLYHO\FKDUDFWHUL]HGLQ]HEUDILVKWKLVFHOOPD\
EHVLPLODUWRWKH$DPDFULQHGHVFULEHGLQRWKHURUJDQLVPV
>±@ 7KH $ RU LQGRODPLQHDFFXPXODWLQJ DPDFULQH
FHOOVH[SUHVVD6(57WKRXJKWKHVHFHOOVGRQRWDFFXPXODWH
VHURWRQLQ+7XQGHUQRUPDOFRQGLWLRQV>@%\H[SORLWLQJ
WKHSUHVHQFHRI WKLV6(57 WKHFHOO W\SHFDQEH ODEHOHGE\
DOORZLQJWKHXSWDNHRIH[RJHQRXVO\DSSOLHG+7IROORZHG
E\LPPXQRVWDLQLQJZLWKDQDQWL+7DQWLERG\>@8VLQJD
SURWRFRO PRGLILHG IRU ]HEUDILVK ODUYDH ZH SHUIRUPHG
LQWUDRFXODULQMHFWLRQRI+7LQOLYHODUYDHWKHQSURFHVVHGWKH
ODUYDH IRU LQ VLWX K\EULGL]DWLRQ DQG DQWL+7
LPPXQRVWDLQLQJ1RQHRIWKHFGKSRVLWLYHFHOOVFRODEHOHG
ZLWK DQWL+7 )LJXUH & $ VHFRQG VSDUVH *$%$HUJLF
DPDFULQH SRSXODWLRQ GHVFULEHG LQ ]HEUDILVK LV WKH
GRSDPLQHUJLFLQWHUSOH[LIRUPFHOO>±@$VZDVWKHFDVHIRU
WKH+7SRVLWLYHSRSXODWLRQFGKP51$GLGQRWORFDOL]H
WR FHOOV ODEHOHG E\ DQ DQWLERG\ WR 7+ D PDUNHU IRU
GRSDPLQHUJLF DPDFULQH DQG LQWHUSOH[LIRUP FHOOV :H DOVR
FRPSDUHGFGK LQVLWX ODEHOLQJWRDSD[SURPRWHUGULYHQ
*)3WUDQVJHQLFOLQH>@7KHFHOOVODEHOHGE\*)3LQWKLVOLQH
DUHRIDWOHDVWWZRW\SHVWKHSDUYDOEXPLQSRVLWLYHW\SHDQG
WKH &K$7SRVLWLYH W\SH 1R FRORFDOL]DWLRQ RI *)3 DQG
FGKLQVLWXODEHOZDVREVHUYHG$SSHQGL[,QDGGLWLRQ
FGKSRVLWLYHDPDFULQHFHOOVGLGQRWFRODEHOZLWKDQWLERGLHV
WRHQGRJHQRXVFDOUHWLQLQ$SSHQGL[RUSDUYDOEXPLQGDWD
QRWVKRZQ:HZHUHWKHUHIRUHXQDEOHWRSRVLWLYHO\LGHQWLI\D
VHFRQGDU\ PDUNHU IRU WKH *$%$HUJLF FGKSRVLWLYH
DPDFULQHFHOOSRSXODWLRQ
:KLOH WKHVH DPDFULQH FHOOV ZHUH RI JUHDW LQWHUHVW
FRQVLGHULQJWKHUROHRIFGKLQYLVLRQZHZHUHDOVRVWUXFN
E\WKHLQWHQVHODEHOLQJLQWKHGHHSGLHQFHSKDOLFSDLUHGQXFOHL
5REXVW ODEHOLQJ ZDV GHWHFWDEOH ERWK YHU\ HDUO\ LQ
GHYHORSPHQW DVZHOO DV LQDGXOWEUDLQ2YHUDOO WKHVHFHOOV
FRPSULVHGWKHPRVWLQWHQVHO\ODEHOHGEUDLQUHJLRQODEHOHGE\
FGK 51$ SUREHV 'RXEOH LPPXQRIOXRUHVFHQFHLQ VLWX
K\EULGL]DWLRQ H[SHULPHQWV VKRZHG WKDW D VXEVHW RI WKHVH
GLHQFHSKDOLFFGKSRVLWLYHFHOOVZHUHDOVRSRVLWLYHIRU7+
$SSHQGL[  2I WKH WKUHH FOXVWHUV RI GRSDPLQHUJLF
GLHQFHSKDOLFQHXURQVSUHVHQWDWWKLVDJH>@LWZDVWKRVHRI
WKH YHQWUDO WKDODPXV YHQWUDO WHJPHQWXP WKDW SDUWLDOO\
FRORFDOL]HGZLWKQHXURQV LQ WKHPRUHFDXGDO UHJLRQVRI WKH
FGKSRVLWLYHGHHSGLHQFHSKDOLFQXFOHL7KHILEHUVRIWKHVH
YHQWUDO WHJPHQWDO GRSDPLQHUJLF QHXURQV FDQ EH IROORZHG
YHQWURFDXGDOO\ ZKHUH WKH\ MRLQ D GHQVH QHWZRUN RI 7+
SRVLWLYH ILEHUV WKDWSURMHFW LQ IRXUGLIIHUHQWGLUHFWLRQV >@
7KHPRUH URVWUDO FGKSRVLWLYH FHOOV LQ WKLV UHJLRQ WKRVH
FOXVWHUHG LQDVWULSHGSDWWHUQZHUHVLWXDWHG MXVWFDXGDODQG
GRUVDOWRWKHDQWHULRUFRPPLVVXUHEXWYHQWUDOWRWKHFDOUHWLQLQ
SRVLWLYHSUHWHFWDOFOXVWHU>@DQGZHUHQRW7+SRVLWLYHGDWD
QRWVKRZQ
7RLGHQWLI\WKHSURMHFWLRQSDWWHUQRIFGKSRVLWLYHFHOOV
LQ WKH UHWLQD DQGEUDLQZH WHVWHGPXOWLSOH&GK DQWLVHUD
LQFOXGLQJVHYHUDOQHZDQWLERGLHVWKDWZHJHQHUDWHGDJDLQVWWKH
]HEUDILVK &GK VHTXHQFH 8QIRUWXQDWHO\ HDFK &GK
DQWLERG\ SURGXFHG QRQVSHFLILF VWDLQLQJ XVLQJ PXOWLSOH
VWDLQLQJSURWRFROV LQZKROHPRXQW DQGFU\RVHFWLRQHGEUDLQ
DQGUHWLQDOWLVVXH7RILQGDQDOWHUQDWLYHPHDQVE\ZKLFKWR
LGHQWLI\WKHSURMHFWLRQSDWWHUQRIFGKH[SUHVVLQJFHOOVZH
JHQHUDWHG UHSRUWHU FRQVWUXFWV FRQWDLQLQJ FGK XSVWUHDP
UHJXODWRU\ HOHPHQWV GULYLQJ *)3 :H IRXQG WKDW D  NE
IUDJPHQW HQFRPSDVVLQJ WKH HQWLUH ƍ 875 DQG VRPH
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)LJXUH&GKLVH[SUHVVHGLQ*$%$HUJLFDPDFULQHFHOOV,QVLWXK\EULGL]DWLRQRIFGKZDVFRPELQHGZLWKLPPXQRF\WRFKHPLVWU\IRU
YDULRXVDPDFULQHFHOOPDUNHUV,QHDFKURZRILPDJHVWKHOHIWSDQHOVKRZVUHWLQDOVOLFHVODEHOHGZLWKWKHFGKP51$P51$SUREHWKH
FHQWHUSDQHOVKRZVIOXRUHVFHQWLPPXQRVWDLQLQJDQGWKHULJKWSDQHOVKRZVDQRYHUOD\RIWKHLQVLWXK\EULGL]DWLRQDQGWKHLPPXQRIOXRUHVFHQFH
LPDJHV$FGKSRVLWLYHUHWLQDOFHOOVFRODEHOZLWKWKHSDQDPDFULQHFHOODQWLERG\(%FGKSRVLWLYHDPDFULQHFHOOVDOVRFRORFDOL]H
ZLWKDQDQWLERG\WRWKH*$%$HUJLFFHOOPDUNHUJOXWDPDWHGHFDUER[\ODVH*$'&'1HLWKHUVHURWRQLQSRVLWLYHQRUW\URVLQH
K\GUR[\ODVH7+SRVLWLYHDPDFULQHFHOOVFRODEHOZLWKFGKP51$6FDOHEDUP
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VXUURXQGLQJLQWURQLFVHTXHQFHGURYH*)3H[SUHVVLRQLQKDLU
FHOOVRIWKHHDUDQGQHXURPDVWVGDWDQRWVKRZQ%\DGGLQJ
WKHLQWURQLFVHTXHQFHNENERUNEGLUHFWO\XSVWUHDPRI
WKHVWDUWFRGRQWRWKHNEƍ875FRQVWUXFWH[SUHVVLRQLQWKH
H\HDQGEUDLQZDVDOVRREVHUYHG7KH*)3H[SUHVVLRQSDWWHUQ
KRZHYHUZDVWKHVDPHIRUDOOWKUHHFRQVWUXFWV/DEHOLQJLQ
WKHEUDLQZDVWRRORZWRYLVXDOL]HQHXULWHVDQGLQWKHUHWLQD
PDLQO\ JO\FLQHUJLF UDWKHU WKDQ *$%$HUJLF DPDFULQH FHOOV
H[SUHVVHG *)3 GDWD QRW VKRZQ )XUWKHU HIIRUWV ZLOO EH
QHFHVVDU\WRFKDUDFWHUL]HWKHFGKSURPRWHULQWKHEUDLQDQG
UHWLQD
5HWLQDO PRUSKRORJ\ LQ FGK VLEOLQJV DQG PXWDQWV
5HWLQDOPRUSKRORJ\ZDVH[DPLQHGDWGSIDQGGSIIRUWZR
GLIIHUHQW DOOHOHV RIFGKPXWDQWV )RU KRPR]\JRXV ODUYDH
FDUU\LQJHLWKHUDOOHOHWKHDELOLW\WRIHHGSURSHUO\LVVHYHUHO\
FRPSURPLVHGDQGPXWDQWODUYDHW\SLFDOO\GLHE\±GSI7KLV
HDUO\ GHDWK VLJQLILFDQWO\ OLPLWV WKH GHYHORSPHQWDO VWDJH DW
ZKLFK ZH DUH DEOH WR H[DPLQH UHWLQDO GHJHQHUDWLRQ :LWK
H[FHVVLYHIHHGLQJDQGFDUHKRZHYHUPXWDQWODUYDHZHUHNHSW
DOLYHXQWLOGSIDWZKLFKSRLQWVLPLODUVL]HGVLEOLQJVDQG
PXWDQWV ZHUH IL[HG DQG WKHLU UHWLQDV ZHUH H[DPLQHG &HOO
GHQVLW\DQGKHDOWKH[DPLQHGE\ERWKGLIIHUHQWLDOLQWHUIHUHQFH
FRQWUDVWPLFURVFRS\DQGQXFOHDUODEHOLQJZLWK'$3,)LJXUH
ZHUHLGHQWLFDOLQVLEOLQJVDQGPXWDQWVRIERWKDOOHOHVDW
DQGGSI)LJXUH$%VKRZVFGKWFHDWGSI)LJXUH
&'VKRZVFGKWMDDWGSI,QDGGLWLRQWKHOD\HULQJRI
*$%$HUJLF ILEHUV LQ WKH LQQHU SOH[LIRUP OD\HU ZDV
LQGLVWLQJXLVKDEOH EHWZHHQ VLEOLQJV DQG PXWDQWV )LJXUH 
ULJKWSDQHOV:HSUHGLFWWKDWWKHGHIHFWVFDXVHGE\WKHVHWZR
DOOHOHVOLNHO\GRQRWFRQWULEXWHWRJURVVUHWLQDOGHJHQHUDWLRQ
RU GLVRUJDQL]DWLRQ EXW PD\ LQVWHDG FRQWULEXWH WR VXEWOH
GHIHFWV WKDW ZRXOG UHTXLUH PRUH FDUHIXO DQDO\VLV RI WKH
FGKSRVLWLYHDPDFULQHFHOOSRSXODWLRQLQLVRODWLRQ
2.5LVQRUPDOLQFGKPXWDQWV7RLQYHVWLJDWHZKHWKHU
YLVXDOIXQFWLRQZDVDIIHFWHGLQFGKPXWDQWVZHWHVWHGWKH
2.5YDU\LQJHLWKHUWKHFRQWUDVWRUVSDWLDOIUHTXHQF\RIWKH
JUDWLQJRUVWULSHV$WGSIWKH2.5RIKRPR]\JRXVODUYDH
RI ERWK DOOHOHV ZDV LQGLVWLQJXLVKDEOH IURP ZLOGW\SH
UHVSRQVHV:HIRXQGDUHGXFWLRQQHLWKHULQFRQWUDVWVHQVLWLYLW\
)LJXUH$QRU LQYLVXDODFXLW\)LJXUH%7KLV UHVXOW LV
FRQVLVWHQWZLWKDQHDUOLHUVWXG\LQZKLFKYHVWLEXODUIXQFWLRQ
ZDV UHSRUWHG WR EH DEVHQW LQ KRPR]\JRXV FGKWFH DOVR
UHIHUUHGWRDVFGKDJODUYDHZKHUHDVWKH2.5RFFXUUHG
XQGHUEULJKWOLJKWFRQGLWLRQV>@:KLOHZHZHUHQRWDEOHWR
GHWHFWDUHGXFWLRQRIWKH2.5LQPXWDQWFGKODUYDHDWWKLV
VWDJHRIGHYHORSPHQWWHVWLQJWKLVSDUWLFXODUUHIOH[PD\QRWEH
VXIILFLHQWWRREVHUYHIXQFWLRQDOGHIHFWVLQHLWKHUWKHDPDFULQH
FHOOVWKHPVHOYHVRUXSVWUHDPLQWKHYLVXDOSURFHVVLQJFHQWHUV
RIWKHEUDLQ
',6&866,21
0XWDWLRQV LQ&'+ FDXVH D VLPLODU SKHQRW\SH LQKXPDQ
PRXVHDQG]HEUDILVKDXGLWRU\YHVWLEXODUV\VWHPV,QFRQWUDVW
WKH YLVXDO GHIHFWV REVHUYHG LQ KXPDQ 86+' DUH QRW
UHFDSLWXODWHG LQ WKH PRXVH PRGHO ,Q WKLV VWXG\ ZH
LQYHVWLJDWHGWKHUROHRIFGKLQWKH]HEUDILVKYLVXDOV\VWHP
GHVFULELQJ ERWK LWV H[SUHVVLRQ SDWWHUQ DQG WKH YLVXDO
SKHQRW\SHRIFGKPXWDQWV:HREVHUYHGFGKH[SUHVVLRQ
LQPXOWLSOHEUDLQUHJLRQVDQGLQUHWLQDODPDFULQHFHOOVDWERWK
HDUO\DQGODWHVWDJHVRIGHYHORSPHQW8SRQH[DPLQDWLRQRI
UHWLQDO WLVVXH DQG YLVXDO EHKDYLRU RI PXWDQW FGK ODUYDH
KRZHYHU WKHUH ZHUH QR GHWHFWDEOH GHIHFWV LQ HLWKHU
PRUSKRORJ\RUYLVXDOIXQFWLRQGHVSLWHWKHIDFWWKDWWKHVHILVK
GLGQRW UHVSRQG WRDFRXVWLF VWLPXOL DQGKDGVHYHUHEDODQFH
GHIHFWV2YHUDOO]HEUDILVKFGKPXWDQWVGRQRWVKRZDQ\RI
WKHIHDWXUHVRIWKHKXPDQUHWLQDOSKHQRW\SHDVVRFLDWHGZLWK
86+'DQGWKHUHIRUHGRQRWSURYLGHDJRRGPRGHOIRUWKH
YLVXDO FRPSRQHQW RI WKH KXPDQ GLVHDVH +RZHYHU
FKDUDFWHUL]DWLRQRIWKHFGKH[SUHVVLRQSDWWHUQLQ]HEUDILVK
SUHGLFWVRWKHUDV\HWXQGHVFULEHGUROHVIRUWKLVSURWHLQLQWKH
UHWLQDDQGEUDLQ
$Q XQH[SHFWHG UHVXOW ZDV WKH DEVHQFH RI FGK
H[SUHVVLRQLQWKHSKRWRUHFHSWRUVRI]HEUDILVKUHWLQDQRWRQO\
EHFDXVHFGKH[SUHVVLRQKDVEHHQUHSRUWHGLQSKRWRUHFHSWRUV
RIERWKPLFHDQGPRQNH\V>±@EXWDOVREHFDXVHWKH
RUWKRORJRIDNQRZQLQWHUDFWLRQSDUWQHURIFGKSFGKELV
H[SUHVVHGLQ]HEUDILVKSKRWRUHFHSWRUV>@5HFHQWVWXGLHVLQ
URGHQWVKDYHHVWDEOLVKHGWKDW&'+DQG3&'+LQWHUDFWLQ
DKHWHURSKLOLFIDVKLRQLQWKHVWHUHRFLOLDRIWKHVHQVRU\KDLUFHOOV
LQWKHDXGLWRU\YHVWLEXODUV\VWHP>@,WKDVEHHQVXJJHVWHG
WKDWWKLVLQWHUDFWLRQLVUHFDSLWXODWHGLQWKHSKRWRUHFHSWRUOD\HU
RIWKHUHWLQDDVERWK&'+DQG3&'+KDYHEHHQORFDOL]HG
WRWKHFRQQHFWLQJFLOLD>@7KH]HEUDILVKJHQRPHFRQWDLQVWZR
FRSLHVRISFGKWKHILUVWSFGKDLVLPSRUWDQWIRUKHDULQJ
DQG EDODQFH ZKLOH SFGKE LV QHFHVVDU\ IRU SURSHU
SKRWRUHFHSWRUPRUSKRORJ\DQGKHQFHUHWLQDOIXQFWLRQ>@
/LNH FGKSFGKE LV H[SUHVVHG GXULQJ HDUO\ ]HEUDILVK
UHWLQDOGHYHORSPHQWLQGLFDWLQJDSRVVLEOHUROHLQFHOODGKHVLRQ
DV UHWLQDO OD\HULQJ LV HVWDEOLVKHG %DVHG RQ WKH NQRZQ
LQWHUDFWLRQ EHWZHHQ &'+ DQG 3&'+ LQ PLFH LW LV
SHUSOH[LQJWKDWWKHLUH[SUHVVLRQSDWWHUQLQWKH]HEUDILVKUHWLQD
GRHVQRWDOORZIRUVXFKDQLQWHUDFWLRQ$PDFULQHFHOOVKDYH
EHHQ VKRZQ WR PDNH FRQQHFWLRQV ZLWK DOO W\SHV RI UHWLQDO
QHXURQV H[FHSW IRU SKRWRUHFHSWRUV >@ PDNLQJ WKH
LQWHUDFWLRQ EHWZHHQ &GK DQG 3FGKE LQ WKH ]HEUDILVK
UHWLQD LPSUREDEOH ,W LVZRUWKQRWLQJ WKDW WKHH[SUHVVLRQ LQ
DPDFULQHFHOOVPD\QRWEHDSHFXOLDULW\RIWKH]HEUDILVKUHWLQD
,Q WKH PRQNH\ UHWLQD D &'+ DQWLERG\ ODEHOV WKH LQQHU
QXFOHDU OD\HU DV ZHOO DV WKH SKRWRUHFHSWRU OD\HU >@
&'+H[SUHVVLRQLQKXPDQDQGPRXVHLQQHUUHWLQDKDVQRW
EHHQGHVFULEHG
2XU GRXEOH ODEHOLQJ H[SHULPHQWV UHYHDOHG WKDW FGK
SRVLWLYHDPDFULQHFHOOVH[SUHVV*$'7KHUHDUHPXOWLSOH
VXEFODVVHVRI*$%$HUJLFDPDFULQHFHOOVLQWKHUHWLQDZKLFK
DUH GHILQHG EDVHG RQ WKHLU SURMHFWLRQ SDWWHUQV LQ WKH LQQHU
QXFOHDU OD\HU DQGRU RQ WKHLU UHVSRQVH SDWWHUQV WR YLVXDO
VWLPXOL%DVHGRQWKHORZQXPEHURIFGKSRVLWLYHFHOOVZH
0ROHFXODU9LVLRQKWWSZZZPROYLVRUJPROYLVYD! 0ROHFXODU9LVLRQ

)LJXUH5HWLQDOPRUSKRORJ\LVQRUPDOLQFGKPXWDQWV=HEUDILVKOLQHVFDUU\LQJRQHRIWZRGLIIHUHQWVHYHUHFGKPXWDQWDOOHOHVZKLFK
HDFKFDXVHSURIRXQGGHDIQHVVEDODQFHGHIHFWVZHUHH[DPLQHGIRUUHWLQDOGHIHFWV$%([DPLQDWLRQRIGD\VSRVWIHUWLOL]DWLRQGSIUHWLQDO
FU\RVHFWLRQV E\ GLIIHUHQWLDO LQWHUIHUHQFH FRQWUDVWPLFURVFRS\ OHIW SDQHO E\ VWDLQLQJZLWK WKH QXFOHDU G\H'$3, PLGGOH SDQHO RU E\
H[DPLQLQJ*$%$HUJLFDPDFULQHFHOOPRUSKRORJ\DQGWKHLQQHUQXFOHDUOD\HUEDQGLQJSDWWHUQZLWKDQWL*$'ULJKWSDQHOVKRZHGWKDW
FGKWFHVLEOLQJV$DQGKRPR]\JRXVPXWDQWV%KDGPRUSKRORJLFDOO\LGHQWLFDOUHWLQDV&'6LEOLQJVDQGPXWDQWVRIWKHFGKWMDDOOHOH
ZHUHUDLVHGWRGSIDQGWKHLUUHWLQDVZHUHH[DPLQHGDVLQ$%1RGLIIHUHQFHVLQPRUSKRORJ\EHWZHHQVLEOLQJVDQGPXWDQWVZHUHREVHUYHG
DWWKLVODWHUVWDJHRIGHYHORSPHQW6FDOHEDU PLQ$OHIWSDQHODSSOLHVWR$DQG%OHIWSDQHOV6FDOHEDU PIRUPLGGOHULJKWSDQHOV
LQ$&DOVRDSSOLHVWRLPDJHGLUHFWO\EHORZ
0ROHFXODU9LVLRQKWWSZZZPROYLVRUJPROYLVYD! 0ROHFXODU9LVLRQ
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SUHGLFWWKDWWKLVVXESRSXODWLRQZLOOEHDZLGHILHOGFHOOVLQFH
DPDFULQH FHOOV DUH WKRXJKW WR HYHQO\ WLOH WKH UHWLQD DQG
WKHUHIRUH SURFHVV LQIRUPDWLRQ IURP WKH HQWLUH YLVXDO ILHOG
>@7KHUHDUHVHYHUDOZLGHILHOG*$%$HUJLFDPDFULQH
FHOO VXEW\SHV WKDW KDYH EHHQ GHVFULEHG EDVHG RQ ERWK
EUDQFKLQJSDWWHUQDQGWKHSUHVHQFHRIDVHFRQGSURWHLQPDUNHU
2XU GDWD IURP WKH FRPELQHG FGK LQ VLWX DQG DPDFULQH
PDUNHULPPXQRVWDLQVFDQEHXVHGWRHOLPLQDWHVHYHUDORIWKH
NQRZQ*$%$HUJLFZLGHILHOG VXEW\SHV IURPFRQVLGHUDWLRQ
IRU WKH LGHQWLW\ RI WKH DPDFULQH VXEW\SH ODEHOHG E\ FGK
)LUVW ZH FDQ OLNHO\ HOLPLQDWH WKH VWDUEXUVW DQG WKH $
DPDFULQHFHOOVEDVHGRQWKHODFNRIFRORFDOL]DWLRQEHWZHHQ
FGK P51$ DQG FDOUHWLQLQ RU SD[*)3 >@ DQG
:HEYLVLRQ 6HFRQG D FHOO W\SH VLPLODU WR WKH $
LQGROHDPLQHDFFXPXODWLQJDPDFULQHFHOOZKLFKLVODEHOHGE\
XSWDNHRIVHURWRQLQWKURXJKDVHURWRQLQWUDQVSRUWHUH[SUHVVHG
LQWKLVFHOOW\SHZDVQRWSRVLWLYHIRUFGK/DVWO\7+ODEHOV
DVSDUVHSRSXODWLRQRI*$%$HUJLFZLGHILHOGDPDFULQHDQG
LQWHUSOH[LIRUP FHOOV >@ DQG:HEYLVLRQ EXW 7+ GLG QRW
FRORFDOL]HZLWK FGKP51$:HZHUH XQDEOH WR WHVW IRU
FRORFDOL]DWLRQZLWKPDUNHUVIRURWKHU*$%$HUJLFZLGHILHOG
FHOOVWKDWFRQWDLQDVHFRQGQHXURWUDQVPLWWHUOLNHVXEVWDQFH3±
SRVLWLYH$FHOOVRUQHXURSHSWLGH<±RU FKROHF\VWRNLQLQ
SRVLWLYHFHOOV:HEYLVLRQDQG>@$GGLWLRQDODPDFULQH
SRSXODWLRQVKDYHDOVREHHQGHVFULEHG>@GHWHUPLQLQJWKH
QHXULWHEUDQFKLQJSDWWHUQRIWKHFGKSRVLWLYHDPDFULQHFHOO
ZLOOJUHDWO\IDFLOLWDWHIXUWKHUFKDUDFWHUL]DWLRQRIWKLVFHOO
7KHODFNRIYLVXDOGHIHFWVLQFGKPXWDQWODUYDHFRXOG
EHH[SODLQHGE\PXOWLSOHIDFWRUV)LUVWFRQVLGHULQJWKDWVRIHZ
UHWLQDOFHOOVH[SUHVVFGKLWLVOLNHO\WKDWWKH2.5DVVD\LV
WRRJOREDODPHDVXUHRIYLVXDOIXQFWLRQWRGHWHFWDVXEWOHGHIHFW
VXFKDVPLJKWEHSUHVHQW LQFGKPXWDQW ODUYDH2QFHWKH
VSHFLILFVXEW\SHRI*$%$HUJLFDPDFULQHFHOOVWKDWH[SUHVVHV
FGK LV GHWHUPLQHG LW ZLOO EH SRVVLEOH WR GHVLJQ PRUH
DSSURSULDWHEHKDYLRUDO WHVWV WRH[DPLQHWKHIXQFWLRQRI WKLV
DPDFULQH FHOO VXEW\SH 6LPLODUO\ PRUSKRORJLFDO GHIHFWV
SUHVHQWLQWKHUHWLQDRIILVKZLWKDPXWDWLRQWKDWZRXOGDIIHFW
VR IHZ FHOOV ZRXOG QRW EH HDV\ WR GHWHFW 7KHUH LV VRPH
HYLGHQFHWKDWUHWLQDOGHIHFWVRULJLQDWLQJLQDPDFULQHFHOOVFDQ
FDXVHGHWHFWDEOHPRUSKRORJLFDODEQRUPDOLWLHV>@DOWKRXJK
WKHVHDEQRUPDOLWLHVZHUHLQPDQ\FDVHVOLNHO\WREHFDXVHGE\
GHIHFWVLQWKHGHYHORSPHQWRIDODUJHUSRSXODWLRQRIDPDFULQH
FHOOV5HWLQLWLVSLJPHQWRVDDVVRFLDWHGZLWKKXPDQ86+'LV
WKRXJKW WR EH FDXVHG PDLQO\ E\ GHIHFWV DULVLQJ IURP WKH
SKRWRUHFHSWRU FHOOV DQG WKH RYHUO\LQJ UHWLQDO SLJPHQW
HSLWKHOLXP DQGQRW E\ DPDFULQH FHOO GHJHQHUDWLRQ >@ ,Q
VRPHUDUHFDVHVKRZHYHU LWPD\EHSRVVLEOH WKDWGHOD\HG
RQVHW SKRWRUHFHSWRU GHJHQHUDWLRQ FRXOG EH SUHFHGHG E\
GLVRUJDQL]DWLRQLQWKHLQQHUQXFOHDUOD\HU>@
$VHFRQGFRQFHUQUHJDUGLQJWKHDEVHQFHRIYLVXDOGHIHFWV
LQ]HEUDILVKFGKPXWDQWVLVWKHUHODWLYHO\\RXQJDJHDWZKLFK
PXWDQWV ZHUH H[DPLQHG =HEUDILVK PXWDQWV ZLWK EDODQFH
GHIHFWV GR QRW LQIODWH WKHLU VZLP EODGGHUV WKHUHIRUH SUH\
FDSWXUHRUIHHGLQJDWWKHVXUIDFHRIDWDQNLVQHDUO\LPSRVVLEOH
0XWDQWFGKODUYDHDUHFRQVHTXHQWO\GLIILFXOWWRUDLVHSDVW
WKH VWDJH ZKHQ WKH \RON KDV EHHQ FRPSOHWHO\ UHDEVRUEHG
KRZHYHUZLWKH[WHQVLYHFDUHZHZHUHDEOHWRLQFUHDVHWKHLU
OLIHVSDQWRDERXWWKUHHZHHNVROG$OWKRXJK]HEUDILVK(5*V
DQGUHWLQDOPRUSKRORJ\DUHODUJHO\DGXOWOLNHE\GSIWKHUH
DUHDVSHFWVRI UHWLQDOGHYHORSPHQW WKDWRFFXU ODWHU VXFKDV
DFTXLVLWLRQRIURGPHGLDWHGYLVLRQDW±GSI>@$VLWLV
GLIILFXOWWRUDLVH]HEUDILVKDXGLWRU\YHVWLEXODUPXWDQWVSDVWWKH
ILUVWZHHNLWLVSUREOHPDWLFWRVWXG\ODWHRQVHWGHJHQHUDWLYH
GLVHDVHV,Q8VKHUSDWLHQWVDEQRUPDOLWLHVLQWKH(5*FDQEH
GHWHFWHGDVHDUO\DVPRQWKVRIDJH\HDUVEHIRUHWKHRQVHWRI
WXQQHOYLVLRQ>@7KH(5*RIFGKPXWDQWVZDVQRUPDODW
GSI GDWDQRW VKRZQDQG WKH2.5ZDVQRUPDODWGSI
)LJXUH'HVSLWHWKHIDFWWKDWWKH]HEUDILVKUHWLQDKDVPDQ\
KDOOPDUNV RI PDWXULW\ DW WKHVH VWDJHV LW LV SRVVLEOH WKDW
H[DPLQLQJ YLVXDO IXQFWLRQ DW ODWHU VWDJHVZRXOG XQFRYHU D
YLVXDOGHIHFW
$ WKLUG H[SODQDWLRQ IRU QRUPDO YLVXDO IXQFWLRQ LQ RXU
]HEUDILVK FGK PXWDQWV FRXOG EH WKH H[LVWHQFH RI DQ
XQLGHQWLILHG FGK VSOLFH YDULDQW WKDW PD\ QRW KDYH EHHQ
GHWHFWHGE\HLWKHURIRXUƍRUƍLQVLWXSUREHV,QWKHPRXVH
WKUHHPDLQ IRUPVRI&GK WUDQVFULSWKDYHEHHQ LGHQWLILHG
)LJXUH  7KH RSWRNLQHWLF UHVSRQVH LV
QRUPDO LQ ERWK FGKWFH DQG
FGKWMD PXWDQWV *UDSKV VKRZ WKH
DYHUDJHG VORZSKDVH YHORFLW\ RI ERWK
H\HV PHDVXUHG XQGHU YDU\LQJ FRQWUDVW
$ DQG VSDWLDO IUHTXHQF\ % RI WKH
RSWRNLQHWLF VWLPXODWLRQ1R VLJQLILFDQW
GLIIHUHQFHZDVIRXQGEHWZHHQDQ\RIWKH
JURXSV UHSHDWHG PHDVXUHV $129$
FRQWUDVW )  S  VSDWLDO
IUHTXHQF\ )  S  Q 
ODUYDHSHUJURXS
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HQFRGLQJ WZR GLIIHUHQW 70 LVRIRUPV ZLWK HLWKHU  RU 
FDGKHULQ UHSHDWV DQG RQH VKRUW VROXEOH LVRIRUP >@
$GGLWLRQDOO\HDFKRIWKHVHWKUHHLVRIRUPVKDVEHHQLVRODWHG
ZLWKWZRGLIIHUHQWF\WRSODVPLFGRPDLQVHLWKHULQFOXGLQJRU
H[FOXGLQJH[RQWKHSHQXOWLPDWHH[RQ(YLGHQFHIRUH\H
VSHFLILF VSOLFH YDULDQWV KDV DOVR EHHQ IRXQG LQ WKHPRXVH
/DJ]LHOHWDO >@ IRXQG WKDW WKH ORQJHVW&GK LVRIRUP LV
H[SUHVVHGRQO\LQWKHSRVWQDWDOPRXVHLQQHUHDU33EXW
QRWLQWKHUHWLQDLQGLFDWLQJWKDWWKHVKRUWHUUHWLQDOLVRIRUPV
ZRXOGEHLQVHQVLWLYHWRPXWDWLRQVLQPRVWRIWKHZDOW]HUDOOHOHV
ZKRVH YLVXDO IXQFWLRQ KDV EHHQ VWXGLHG >@ +RZHYHU
PXWDWLRQV LQ KXPDQ &'+ WKDW XQGHUOLH 86+' RFFXU
WKURXJKRXW WKH VHTXHQFH RI WKH&'+ ORQJ LVRIRUP >@
LQGLFDWLQJWKDWKXPDQUHWLQDOIXQFWLRQGHSHQGVRQKDYLQJD
IXQFWLRQDO IXOOOHQJWK &'+ $OWHUQDWLYH VSOLFLQJ RI
&'+LQKXPDQVKDVQRW\HWEHHQIRXQG>@1HYHUWKHOHVV
LWFRXOGEHWKDWDQXQLGHQWLILHGVSOLFHYDULDQWLVH[SUHVVHGLQ
]HEUDILVK SKRWRUHFHSWRUV DQG E\ YLUWXH RI LWV DOWHUQDWLYH
VSOLFLQJSDWWHUQLVLQVHQVLWLYHWRWKHWZRPXWDQWDOOHOHVXVHG
LQWKLVVWXG\,QJHQHUDOKRZHYHURXUILQGLQJVVXJJHVWWKDW
]HEUDILVKGRQRWPDNHDJRRGPRGHORUJDQLVPIRUVWXG\LQJ
WKH PHFKDQLVP RI UHWLQDO GHJHQHUDWLRQ SUHVHQW LQ KXPDQ
86+'SDWLHQWV
:KLOH WKH DXGLWRU\YHVWLEXODU DQG YLVXDO SKHQRW\SHV
GHILQH 8VKHU V\QGURPH WKHUH DUH DOVR PXOWLSOH UHSRUWV RI
PHQWDO V\PSWRPVDVVRFLDWHGZLWK WKHGLVHDVH >±@ DQG
EUDLQDWURSK\KDVEHHQREVHUYHGLQVRPH8VKHUSDWLHQWV>@
,WLVOLNHO\WKDWWKHH[SUHVVLRQRIFGKWKDWZHREVHUYHLQWKH
]HEUDILVKEUDLQZKLFKLVDOVRREVHUYHGLQWKHPRXVH>@LV
UHOHYDQW WR WKH KXPDQ GLVHDVH DV ZHOO >@ $OWKRXJK
IXQFWLRQDOUHGXQGDQFLHVRUEUDLQSODVWLFLW\VHHPWRHOLPLQDWH
DQ\FULWLFDOQHHGIRU&'+IXQFWLRQLQWKHPDMRULW\RIKXPDQ
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